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Abstract 

We  have  prepared  and  measured  the  magnetic  susceptibility  of  several  new  ternary 
compounds  in  the  Ce-Pd-Sn  system:  CePdo  5Sn2,  CegPd24Sn,  "Ce4Pd7Sn4"  and  the  solid  solution 
based  on  Ce2Pd2Sn.  In  CePdo.5Sn2,  an  effective  magnetic  moment  of  2.60(3)/aB  is  observed  but 
no  ordering  is  apparent  above  4.2K.  Complete  nickel  substitution  for  Pd  in  Ce(Pdi.xNix)o.5Sn2 
results  in  the  known  lower  limit  to  the  CeNii.xSn2  solid  solution.  We  have  determined  the  extent 
of  the  solid  solution  based  on  Ce2Pd2Sn  to  have  the  form  Ce4Pd4+2xSn2.x.y  in  a  roughly 
triangular  region  with  limits  of  x=0,  y=0;  x=0,  y»2/3  and  x *2/3,  y=0.  Magnetic  behavior 
consistent  with  tri-valent  cerium  moments  is  observed  at  these  limits  with  ferromagnetic  ordering 
present  for  x  =  0,  y  =  2/3.  Cubic  Ce8Pd24Sn  has  an  effective  high  temperature  moment  of 
2.49(4) fjL^  and  anti-ferromagnetic  ordering  at  7.5K.  A  hexagonal  phase  dominates  the 
composition  "Ce4Pd7Sn4",  but  a  structural  solution  has  remained  elusive.  An  effective  cerium 
moment  of  2.53(4)/itB  is  observed  in  "Ce4Pd7Sn4"  with  a  Weiss  constant  of  -23K,  suggesting 
anti-ferromagnetic  interactions,  but  no  ordering  is  observed  above  4.2K. 

Keywords:  cerium  intermetallic,  magnetic  susceptibility 
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1.  Introduction 


In  the  Ce-Ni-Sn  ternary  system  [1],  there  are  2  intermediate  valent  (IV)  binaries,  CeNi 
[2]  and  (albeit  borderline  IV)  CeSnj  [3].  If  one  considers  a  line  of  composition  which  joins  these 
two  binaries,  one  notes  that  several  ternary  phases  which  exhibit  related  Kondo  behavior  lie  near 
this  line.  Dense  Kondo  behavior  is  observed  in  Ce2Ni2Sn  [4,5]  while  CeNiSn  [6,7]  is  a  Kondo 
insulator  and  intermediate  valent  behavior  is  reported  for  Ce3Ni2Sn7  [1].  Complete  palladium 
substitution  for  Ni  has  been  reported  in  CeNi  [2],  Ce2Ni2Sn  [5]  and  CeNiSn  [6]  with  anti¬ 
ferromagnetism  reported  in  CePdSn  [6]  and  ferromagnetism  in  CePd  [2]  and  Ce2Pd2Sn  [5]. 

In  the  Ce-Pd-Sn  ternary  system,  three  ternaries  are  known:  CePdSn  [6],  CePd2Sn2  [8] 
and  Ce2Pd2Sn  [5].  The  binaries  which  exhibit  intermediate  valent  behavior  are  CePd3  [9]  and, 
again,  CeSn3.  As  part  of  our  ongoing  search  for  new  materials  which  exhibit  unusual  electronic 
behavior  like  intermediate  valence  [5,  10,  11],  we  have  examined  the  region  of  the  Ce-Pd-Sn 
ternary  phase  diagram  that  lies  near  the  composition  line  of  25  at%  Ce.  In  principle,  this  line 
could  be  considered  a  demarcation  between  tri-valent  and  tetra-valent  cerium  behavior  (i.e. 
hypothetical  compositions  at  which  the  Fermi  level  for  the  material  would  lie  at  the  energy  of 
the  4f‘  state).  In  practice,  the  boundary  is  expected  to  encompass  a  region  (Fig.  1)  since  the  line 
considers  only  electron  counting  and  neglects  structural  effects  [12,  13].  Discussed  below  are 
the  results  of  our  search  in  such  a  region  of  the  Ce-Pd-Sn  phase  diagram  near  25  at%  cerium. 
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2.  Experimental 

Samples  were  prepared  by  arc-melting  elements  of  at  least  99.9%  purity  on  a 
tantalum-coated,  water-cooled  copper  hearth  under  flowing,  Ti-gettered  argon  as  previously 
described  [5].  Samples  were  then  placed  in  sections  of  tantalum  tubing  and  sealed  in  quartz 
under  vacuum  for  anneal.  Annealing  temperatures  and  durations  varied  from  5  weeks  at  750®C 
to  4  weeks  at  900 ®C  with  the  more  Pd-rich  samples  typically  receiving  the  higher  temperature. 

Samples  were  examined  by  powder  diffraction  methods  using  a  SCINTAG  6I2B 
diffractometer,  Cu  Koi  radiation  and  silicon  as  an  internal  standard.  Indexing  of  the  diffraction 
patterns  was  done  using  the  program  TREOR90  [14]  and  the  lattice  constants  obtained  thereby 
were  least-squares  refined.  Magnetic  susceptibility  measurements  were  performed  using  a 
Faraday  balance  and  fit  to  a  Curie-Weiss  expression,  x  =  Xo  +  C/(T  -  d)  as  described  elsewhere 
[5].  Resistivity  measurements  on  Ce8Pd24Sn  were  done  by  a  four-probe  technique  on  a 
rectangular  section  6.0mm  x  3.5mm  x  1.2mm  in  size  by  soldering  on  indium  contacts 
ultrasonically.  Density  measurements  were  performed  by  a  gas  displacement  technique  [15]. 

3.  Results  and  Discussion 

With  the  exception  of  Ce8Pd24Sn,  the  Ce-Pd-Sn  ternary  compounds  prepared  are  brittle, 
exhibiting  a  tendency  to  crack  severely  on  cooling,  and  are  also  mildly  air-sensitive.  Exposed 
surfaces  are  initially  silvery  metallic  in  appearance  but  turn  a  dark  gray  after  several  days 
exposure  to  air.  Beads  prepared  in  the  Ce4Pd4+2xSn2.x.y  alloy  range  exhibit  striations  on  their 
surfaces,  suggesting  regions  of  parallel  grain  growth.  Beads  of  composition  CePdo.5Sn2  and 
"Ce4Pd7Sn4"  grow  numerous  needle-shaped  crystals  up  to  a  few  millimeters  in  length  across 
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their  surfaces  on  solidification  in  the  arc  furnace.  When  cracked  apart,  these  samples  appear  to 
have  columnar  grain  growth  radiating  out  from  the  base  of  the  bead.  All  samples  could  be 
ground  easily  either  in  an  argon-filled  glove  box  or  under  acetone  for  X-ray  work.  A  summary 
of  cell  and  magnetic  data  for  these  compounds  is  given  in  Table  1. 

Ce(Pdj.^iJo,5Sn2 

The  powder  diffraction  pattern  for  material  from  a  bead  of  composition  CePdo.sSnj 
annealed  5  weeks  at  750 °C  and  ground  in  an  argon-filled  glove  box  could  be  completely  indexed 
to  an  orthorhombic  cell  4.5636(5)  x  17.584(2)  x  4.5059(5)  consistent  with  the  cells  reported 
for  the  endpoints  of  the  LaPdjjSnj  solid  solution  (0.34<x<0.68)  [16].  We  did  not  examine 
CePdojSnj  for  the  existence  of  a  comparable  alloy  range.  Nickel  substitution  for  Pd  was 
examined  in  the  cerium  compound  and,  based  on  powder  diffraction  data,  appears  to  substitute 
completely  to  form  the  reported  lower  limit  to  the  CeNixSn2  solid  solution  (0.5  <  x  <  1)  [1].  No 
structural  or  magnetic  data,  however,  was  reported  for  CeNixSn2  for  x  <  1 .  Table  2  lists  the  cell 
parameters  for  the  compositions  prepared.  These  Ce(Pdj.,jNiJo  5Sn2  materials  are  assumed  to 
adopt  the  CeNiSi2  structure  type  as  reported  for  the  lanthanum-based  alloy  range  and  CeNiSn2. 
From  the  linear  dependence  of  cell  volume  on  concentration  of  nickel  (Fig.  2),  we  do  not 
anticipate  any  change  in  valence  of  the  cerium  on  substitution  of  Ni  for  Pd  which  would  manifest 
as  a  deviation  from  linearity  (Vegard  behavior)  [5]. 

Magnetic  susceptibility  data  on  CePdo.5Sn2  were  collected  on  loose,  powdered  material 
obtained  from  a  bead  annealed  5  weeks  at  750°C.  The  inverse  of  the  magnetic  susceptibility  is 
shown  in  Figure  3.  The  cooling  data  exhibits  several  discontinuities  involving  an  increase  in  x 
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which  result  from  re-orientation  of  the  loose  powder  in  the  applied  magnetic  field  [5].  If  the 
cerium  magnetic  moment  is  anisotropic,  through  spin-orbit  coupling  and  interaction  with  the 
crystal  electric  field,  and  the  anisotropy  is  large,  then  small  single-crystalline  particles  will 
experience  a  torque  forcing  them  to  re-align  in  the  applied  field  if  the  particles  are  free  to  move. 
Since  the  heating  data  does  not  exhibit  any  such  discontinuities,  the  oriented  particles  remain 
fixed  in  the  positions  attained  on  cooling  to  4.2K.  Complete  orientation  along  a  crystallographic 
direction  is  not  assured  owing  to  the  polycrystalline  nature  of  the  starting  material.  Fitting  the 
heating  data  above  lOOK  to  a  Curie-Weiss  expression  yields  an  effective  high  temperature 
moment  of  2.60(3)/ib  per  cerium  and  B  =  8(2)K,  suggesting  some  weak,  ferromagnetic 
exchange.  The  effective  moment,  while  larger  than  that  expected  for  a  free  Ce'*'^  ion  (4f*) 
(2.54/tB)  is  still  reasonable  for  a  4f  configuration  in  solids.  The  inverse  magnetic  suscqitibility 
for  CeNio  5Sn2  is  displayed  in  Figure  4.  Data  were  collected  on  a  single  piece  of  CeNio.5Sn2 
rather  than  powder.  As  anticipated  from  the  dependence  of  cell  volume  on  nickel  concentration, 
the  cerium  moment  is  comparable  to  that  for  CePdo.5Sn2  with  a  fit  to  data  above  lOOK  yielding 
an  effective  moment  of  2.60(2)/tB  and  a  ^  of  -1(2)K.  The  moment  obtained  is  somewhat  larger 
than  that  reported  for  CeNiSn2  (/i  =  2.43^b,  6  =  5K).  Neither  the  Pd  nor  the  Ni  sample 
exhibits  any  apparent  magnetic  ordering  above  4.2K.  Below  lOOK,  however,  there  is  some 
deviation  from  Curie-Weiss  behavior  (decreasing  slope  in  x’*)  that  can  be  ascribed  to  thermal 
depopulation  of  cerium  f-states  split  by  interaction  with  the  crystal  electric  field. 
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CegPd24Sn 

This  compound  was  prepared  as  part  of  a  series  Ce8Pd24M  with  M  =  (Ga,  In,  Sn,  Pb, 
Sb  and  Bi)  [17].  We  include  some  discussion  of  it  here  for  completeness.  The  cubic  structure 
of  Ce8Pd24Sn  (Fig.  5)  is  obtained  from  the  CU3AU  structure  of  CePd3  by  incorporating  one  Sn 
atom  at  the  body-centre  site  of  one  out  of  eight  CePd3  cells.  Doing  so  results  in  the  Pd  atoms 
being  pushed  outward  from  the  face  of  the  cube  defined  by  the  cerium  atoms,  producing  a  cubic 
super-cell  with  a  lattice  constant  slightly  more  than  twice  that  of  CePd3. 

The  inverse  of  the  magnetic  susceptibility  from  4.2K  to  320K  of  Ce8Pd24Sn  is  given  in 
Figure  6  with  an  inset  showing  the  susceptibility  from  4.2K  to  30K.  Anti-ferromagnetic  ordering 
occurs  at  7.5K.  Fitting  the  magnetic  susceptibility  above  lOOK  yields  an  effective  cerium 
moment  of  2.49(4)/itB  and  anti-ferromagnetic  exchange  {6  =  -11(3)K).  Deviations  from  Curie 
behavior  below  lOOK  can  be  attributed  to  thermal  depopulation  of  crystal  field  split  cerium  4f 
states  resulting  in  a  temperature  dependent  moment.  Decreasing  scattering  of  conduction 
electrons  also  results  from  thermal  depopulation  of  the  crystal  field  split  4f  states,  producing  the 
gradually  increasing  slope  on  cooling  in  the  resistivity  of  Ce8Pd24Sn  (Fig.  7)  between  1(K)K  and 
30K.  An  abrupt  change  in  the  slope  of  the  resistivity  occurs  at  7.5K,  consistent  with  the  onset 
of  anti-ferromagnetic  ordering.  There  is  no  apparent  evidence  of  any  Kondo  interaction  in 
Ce8Pd24Sn  even  though  it  is  close  in  composition  to  the  well-known  intermediate  valent 
compound,  CePd3. 
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Ce4Pd4+23^n2.x.y 

It  is  possible  to  substitute  Pd  for  Sn  in  U2Pd2Sn  as  U2Pd2+xSnj.x  [18];  however,  in  our 
study  on  the  alloy  range  based  on  Ce2Pd2Sn,  we  observed  a  more  extensive  solid  solution  (Table 
1)  of  the  compositional  form  Ce4Pd4+2xSn2.x.y.  A  simple  substitution  of  one  Pd  for  one  Sn  can 
be  easily  understood  but  something  more  complicated  must  be  occurring  to  explain  the  more 
extensive  observed  alloy  range. 

The  region  the  solid  solution  comprises  is  roughly  triangular  with  end  point  vertices  at 
(x>y)  =  (0.  2/3)  and  (2/3,  0)  and  the  parent  compound  Ce2Pd2Sn.  To  obtain  a  single  phase 
powder  pattern,  a  sample  of  composition  Ce4Pd4Sn4/3  (0,  2/3)  was  annealed  at  900°C  for  4 
weeks  while  the  sample  at  composition  Ce4Pdi6/3Sn4/3  (2/3,  0)  could  be  obtained  single  phase 
by  powder  diffraction  after  4  weeks  anneal  at  750°C.  The  results  of  density  measurements  on 
the  end  points  are:  (0,  2/3),  p  =  8.6(l)g/cm^;  (2/3,  0),  p  =  9.0(l)g/cm^.  If  one  interprets  the 
compositions  Ce4Pd4+2xSn2.x.y  as  the  unit  cell  contents  (i.e.  Z  =  2  in  the  cell  of  Ce2Pd2Sn),  then 
one  can  calculate  densities  (formula  weight  divided  by  unit  cell  volume  from  Table  1)  for  the 
(0,  2/3)  and  (2/3,  0)  compositions.  These  values  are  7.94g/cm^  and  8.95g/cm^  for  the  (0,  2/3) 
and  (2/3,  0)  samples  respectively.  The  density  of  the  (2/3,  0)  sample  is  consistent  with  the 
calculated  value,  but  that  of  the  (0,  2/3)  sample  is  not. 

If  the  Sn-deficient  sites  in  the  (0,  2/3)  sample  were  vacant,  one  would  expect  a 
contraction  of  the  unit  cell  compared  to  the  parent  Ce2Pd2Sn.  Instead,  a  small  expansion  is 
observed  (Table  1).  If  the  Sn-deficient  sites  were  not  vacant  but,  instead,  occupied  as  one  would 
expect  for  a  direct  atom  for  atom  substitution  and  occupied  in  such  a  fashion  as  to  preserve  the 
overall  composition  (i.e.  Ce4Pd4(Sn4/3[Ce3/7Pd3/7  Sni/7]2/3)  rather  than  Ce4Pd4(Sn4/3[  12/3) )  then 
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the  density  would  be  8.51g/cm^,  consistent  with  the  observed  density.  One  can  calculate  an 
effective  covalent  radius  for  [  ]  =  Sn^n)  by  averaging  the  covalent  radii  for  the 

constituent  elements  (Ce,  1.65A;  Pd,  1.28A;  Sn,  1.41A)  [19].  This  average  radius  is  1.46A,  and 
is  O.OSA  larger  than  the  covalent  radius  of  Sn.  This  correlates  with  the  small  expansion  of  the 
unit  cell  relative  to  stoichiometric  Ce2Pd2Sn. 

The  measured  density  of  the  (2/3,  0)  sample  is  consistent  with  that  calculated  based  on 
the  composition  and  size  of  the  unit  cell.  The  nature  of  the  substitution,  however,  can  not  be  a 
simple  exchange  of  one  Pd  for  one  Sn  since  this  composition  contains  more  palladium.  We 
propose  that  a  pair  of  palladium  atoms  occupies  the  space  formerly  occupied  by  a  tin  atom.  Our 
model  for  such  double  occupancy  follows.  Inter-palladium  distances  in  intermetallic  compounds 
comparable  to  the  Pd-Pd  distance  in  palladium  metal,  2.75  lA,  [20]  have  been  observed  in  a 
number  of  Pd-rich  Ce-Pd-Sb  ternary  compounds:  CcsPd^Sbs  (dp^.p^  =  2.762A)  [10],  Ce2Pd9Sb3 
(2.710A)  [21]  and  Ce8Pd24Sb  (2.765A)  [11]  and  have  also  been  observed  in  the  GdPd3As2 
structure  type  (2.754A)  [22].  Based  on  the  cell  parameters  of  the  (2/3,  0)  sample  and  the  atomic 
positions  of  U2Rh2Sn  [23],  we  estimate  the  size  of  the  tetragonal  prism  formed  by  the  cerium 
atoms  around  the  tin  site  in  the  (2/3,  0)  sample  to  be  4.014A  x  4.014A  x  4.0597A.  In  Figure 
8,  we  compare  three  of  these  prisms  adjoining  along  c  (Fig.  8b)  with  three  similar  prisms  (Fig. 
8a)  from  Ce2Pd2Sn  (again  calculated  based  on  U2Rh2Sn)  and  with  a  corresponding  section  (Fig. 
8c)  along  c  of  Ce8Pd24Sn.  In  crystallographic  terms,  we  model  this  endpoint  of  the  alloy  range 
by  allowing  a  2/3  random  occupancy  of  the  Sn  site  (Wyckoff  position  2a,  x  =  0,  y  =  0,  z  = 
0)  and  a  1/3  occupancy  of  the  Wyckoff  site  4e  (0,  0,  0.338)  in  the  space  group  P4/mbm  (No. 
127).  This  places  two  palladium  atoms  2.744A  apart  parallel  to  the  c-axis,  centred  at  the  tin 
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vacancies.  The  similarity  of  this  model  to  the  section  of  Ce8Pd24Sn  (Fig.  8c)  is  quite  apparent. 
In  examining  the  distances  from  these  substituted  palladium  atoms  to  the  near  neighbours,  we 
find  dpd.sn  =  2.688A  and  dp^.ce  =  2.914A.  Both  of  these  distances  are  comparable  to  the  sums 
of  the  respective  covalent  radii,  2.69A  and  2.93A  [19].  This  model  for  the  Pd-rich  region  of 
the  Ce4Pd4+2xSn2-x-y  solid  solution  is  consistent  with  the  observed  density  data.  An  alternative 
model  in  which  a  single  palladium  atom  substitutes  for  tin  on  the  2a  site,  and  the  second 
palladium  atom  occupies  an  interstitial  position  away  from  the  2a  site,  is  harder  to  justify.  The 
Ce2Pd2Sn  structure  (Figure  9)  offers  no  interstitial  positions  of  appreciable  volume  (other  than 
near  the  2a  site),  hence  such  a  defect  is  unlikely. 

The  magnetic  behavior  of  the  endpoints  to  the  Ce4Pd4+2xSn2.x-y  solid  solution  differ.  For 
the  (0,  2/3)  sample,  ferromagnetic  ordering  occurs  (Fig.  10)  at  T^  =  7K.  The  effective  high 
temperature  moment  (T  >  80K)  of  2.54(1)^b  per  cerium  is  equal  to  the  free  ion  value  and  a 
Weiss  constant  of  14(1)K  concurs  with  the  ferromagnetic  ordering.  The  ferromagnetic  ordering 
temperature  is  larger  than  in  the  parent  Ce2Pd2Sn  (T^  -  4K  [5])  and  comparable  to  the  ordering 
temperature  in  ferromagnetic  CePd  (6.6K  [2])  which  it  approaches  in  composition.  The  inverse 
magnetic  susceptibility  for  the  (2/3, 0)  endpoint  (Fig.  1 1)  does  not  exhibit  any  magnetic  ordering 
above  4.2K.  Shown  in  the  inset  to  Fig.  10  are  discontinuities  attributed  to  a  re-orienting  of  the 
single  piece  (not  powder)  measured,  the  orientation  of  which  could  not  be  sustained  on  warming. 
A  preferred  direction  for  grain  growth  in  the  arc-melted  bead  would  result  in  a  torque  on  even 
a  single  piece  40mg  in  mass  if  the  anisotropy  of  the  moments  is  large.  Fitting  the  susceptibility 
data  collected  on  cooling  for  T  >  70K  yields  an  effective  cerium  moment  of  2.47(2)#tB  and  a 
6  of  -6(1)K,  while  fitting  the  heating  data  above  130K  yields  an  effective  cerium  moment  of 
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2.46(6)^b  and  6  =  -4(6)K.  Both  are  consistent  with  each  other  and  the  free  Ce"''^  ion  value  of 
2.54;iB  for  a  4f^  electronic  configuration. 

“Ce^PdySn/ 

Attempts  to  prepare  a  stannide  analogue  to  CePd2ln  [25]  invariably  resulted  in  a  multi¬ 
phase  product  when  the  desired  1:2:1  stoichiometry  was  used.  An  hexagonal  majority  phase  is 
present  in  as-cast  samples  of  1:2:1  composition  and  was  still  present  after  anneal  at  temperatures 
below  1000°C  (melting  occurred  above  1000°C)  so  nearby  compositions  were  examined  in  an 
effort  to  locate  this  phase.  At  the  4:7:4  composition,  we  were  able  to  obtain  the  largest  fraction 
of  the  hexagonal  phase  (largest  unindexed  peak  intensity  5  %  of  the  most  intense  indexed  peak) 
after  10  days  anneal  at  900°C.  Other  nearby  compositions  examined  were:  2:3:2,  5:8:5,  5:9:6, 
25:48:27,  3:5:2  and  2:5:3.  The  powder  diffraction  peaks  selected  for  initial  indexing  were 
common  ones  to  the  patterns  for  these  samples.  Two  hexagonal  unit  cells  were  obtained  from 
TREOR90  [14],  both  with  comparable  c  values  as  in  Table  1  but  one  with  a  —  9.322A  and  the 
other  with  a  =  8.073A.  The  latter  a  parameter  is  (v/3)/2  of  the  former  so  that  the  two  cells  are 
related  by  a  30°  rotation.  A  single  crystal  of  dimensions  0.212  x  0.057  x  0.057  mm^  was 
obtained  after  melting  the  25:48:27  sample  in  a  tantalum  tube  and  slow  cooling  over  24  hours. 
Precession  and  single  crystal  work  suggested  the  8.073A  x  8.073A  x  16.797A  cell  was 
appropriate  but  we  have  been  unable  to  solve  the  structure  from  the  data  set  collected. 

Magnetic  measurements  were  performed  on  a  single  piece  (32.8(l)mg)  of  the  4:7:4 
sample  (Fig.  12).  Susceptibility  data  above  80K  fit  to  a  Curie-Weiss  expression  yielded  an 
effective  high  temperature  moment  of  2.53(4)/4b  per  cerium  and  suggests  some  anti- 
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ferromagnetic  interactions  from  a  negative  Weiss  parameter  of  -23(3)K.  However,  the  extent  of 
any  crystal  field  contribution  to  the  Weiss  parameter  is  unknown,  so  6,  again,  cannot  be  strictly 
interpreted  as  due  to  an  exchange  energy.  Deviations  from  linear  behavior  below  80K  likely 
result  from  crystal  field  effects. 

4.  Conclusions 

We  have  prepared  3  new  ternaries  in  the  Ce-Pd-Sn  ternary  system  and  examined  the  solid 
solution  based  on  the  known  Ce2Pd2Sn  compound.  The  ternary  compound  (alloy),  CePdo.5Sn2 
exhibits  no  ordering  in  its  magnetic  susceptibility.  Nickel  substitution  in  Ce(Pdi.^Nix)o.5Sn2 
results  in  CeNio.5Sn2,  the  lower  limit  of  the  CeNixSn2  solid  solution.  The  solid  solution  region 
based  on  the  Ce2Pd2Sn  compound  has  the  form  Ce4Pd4+2xSn2.x.y  with  approximate  limits  of  x 
=  0,  y  =  2/3  and  x  =  2/3,  y  =  0.  At  the  (0,  2/3)  limit,  ferromagnetic  ordering  is  observed 
with  Tg  =  7K.  No  magnetic  ordering  is  observed  in  the  susceptibility  of  the  (2/3,  0)  limit.  The 
cubic  compound  Ce8Pd24Sn  exhibits  anti-ferromagnetic  ordering  at  7.5K  and,  despite  its 
proximity  to  CePdj,  displays  no  behavior  that  can  be  associated  with  a  Kondo  interaction.  A 
hexagonal  phase  was  found  near  the  composition  "Ce4Pd7Sn4''  but  the  structure  is  currently 
unsolved.  Effective  high  temperature  magnetic  moments  consistent  with  tri-valent  cerium  is 
observed  in  all  materials  studied  here. 
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Table  1 


Summary  of  lattice  parameters  and  magnetic  data. 


compound 

cell 

aJk 

bik 

elk 

Vol./A^ 

e/K 

CePdo5Sn2 

Ce4Pd4+2xSn2.x-y 

ortho. 

4.5636(5) 

17.584(2) 

4.5059(5) 

361.87(7) 

2.60(3) 

8(2) 

x=0,y=0^ 

tetrag. 

7.774(1) 

3.926(1) 

237.27(7) 

2.62(2) 

18(1) 

X 

II 

p 

II 

K) 

II 

7.7968(7) 

3.9347(4) 

239.19(4) 

2.54(1) 

14(1) 

x,y=l/3 

II 

7.692(1) 

4.0165(5) 

237.64(5) 

— 

— 

x=l/3,y=0 

It 

7.6964(8) 

4.0235(4) 

238.33(4) 

— 

— 

x=2/3,y=0 

It 

7.6683(6) 

4.0597(3) 

238.72(3) 

2.47(2) 

6(1) 

’'Ce4Pd7Sn4” 

hex. 

8.073(1) 

16.797(3) 

948.1(2) 

2.53(4) 

-23(5) 

Ce8Pd24Sn 

cubic 

8.4446(8) 

602.2(1) 

2.49(4) 

-11(3) 

from  reference  [5] 


Table  2 

Cell  data  for  Ni  substitution  in  Ce(Pdi.xNiJo.5Sn2. 


X 

alk 

bik 

elk 

Vol./A^ 

0.00 

4.5636(5) 

17.584(2) 

4.5059(5) 

361.58 

0.25 

4.5487(5) 

17.495(2) 

4.5070(5) 

358.66 

0.50 

4.5417(7) 

17.416(3) 

4,4954(7) 

355.57 

0.75 

4.5335(5) 

17.337(2) 

4.4863(5) 

352.60 

1.00 

4.5248(5) 

17.251(2) 

4.4753(5) 

349.32 

Figure  Captions 


Figure  1. 
Figure  2. 
Figure  3. 
Figure  4. 
Figure  5. 


Figure  6. 

Figure  7. 
Figure  8. 

Figure  9. 

Figure  10. 
Figure  11. 
Figure  12. 


The  region  of  the  Ce-Pd-Sn  phase  diagram  under  investigation. 

Variation  of  cell  volume  with  nickel  content  for  Ce(Pdi.j^Nix)o.5Sn2. 

Inverse  magnetic  susceptibility  of  CePdo.5Sn2  from  4.2K  to  320K. 

Inverse  magnetic  susceptibility  of  CeNi^  5Sn2  from  4.2K  to  310K. 

Perspective  view  along  a  of  the  unit  cell  Ce8Pd24Sn  with  near-neighbours  from 
adjoining  cells.  Black  Sn  atoms  mark  the  comers  of  the  unit  cell.  Palladium 
bonds  are  drawn  to  emphasise  distortions  in  the  structure.  Atom  designations 
are:  large  white  spheres,  Ce;  small  gray  spheres,  Pd;  and  medium  black 
spheres,  Sn. 

Inverse  susceptibility  of  Ce8Pd24Sn  from  4.2K  to  320K.  Inset  shows  the 
susceptibility  from  4.2K  to  30K. 

Resistivity  of  Ce8Pd24Sn  from  4.2K  to  293K. 

Tin  co-ordination  enviroments  [24]  in:  (a)  Ce2Pd2Sn,  (b)  Ce4Pdi6/3Sn4/3 
(proposed)  and  (c)  Ce8Pd24Sn.  Atomic  positions  in  (a)  and  (b)  are  based  on 
those  for  U2Rh2Sn  and  in  (c)  on  Ce8Pd24Sb. 

Perspective  view  down  c  of  the  stmcture  of  Ce2Pd2Sn.  Atomic  positions  are 
those  for  U2Rh2Sn.  Atom  designations  are  as  in  Fig.  5.  The  outer  tin  atoms 
mark  the  comers  of  a  unit  cell. 

Inverse  magnetic  susceptibility  for  the  (0,  2/3)  composition  of  the 
Ce4Pd4+2xSn2.x-y  solid  solution  from  4.2K  to  310K. 

Inverse  magnetic  susceptibility  for  the  (2/3,  0)  composition  of  the 
Ce4Pd4+2xSn2.x.y  solid  solution  from  4.2K  to  320K. 

Inverse  magnetic  susceptibility  of  ''Ce4Pd7Sn4"  from  4.2K  to  310K. 


Nickel  fraction,  X 


(nuia/3)  ^.01 


(ulo.or/)  d 


4.014A 


T(K) 


10'^  (g/emu) 
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